1. Major Depressive Disorder {#sec1}
============================

Major depressive disorder (MDD) is a severe disease that is widely diffused all over the world, exerting a heavy toll in terms of morbidity and mortality \[[@B1], [@B2]\]. In Europe, mood disorders are the second most frequent group of mental disorders, dominated by MDD, which affects 7% of the population \[[@B2]\]. MDD is one of the most important contributors to overall burden of disease expressed as DALY (disability as adjusted life years lost), an indicator including the number of years lost due to ill-health, disability, or early death \[[@B2]\]. In addition to the augmented risk of suicide, mood disorders are associated with increased risk of cardiovascular and metabolic diseases \[[@B3], [@B4]\]. Affected patients experience heavy impact on everyday life, due to the characteristic of the symptoms that influence the ability to enjoy life.

The diagnosis of MDD as based on the Diagnostic and Statistical Manual of Mental disorders \[[@B5]\] requires the occurrence of a set of symptoms, which seldom present all together. In addition to the main features of MDD, including depressed mood, loss of interest, and inability to experience pleasure, the diagnosis requires the presence of at least four symptoms among feeling of worthlessness, thoughts of death, inability to concentrate, fatigue, psychomotor retardation or agitation, sudden weight loss or gain, and sleep disturbances in either direction \[[@B5]\].

Although a single episode of depression may occur in a lifetime, a frequent development of the disease is towards a recurring disorder with frequent relapses intermingled with intervals of well-being, therefore displaying a tendency for chronicity.

2. Therapeutic Options for MDD {#sec2}
==============================

Therapeutic options to treat MDD are currently available. They consist of pharmacotherapies, psychotherapies, and physical therapies. Pharmacotherapies are mainly based on monoamine regulation, due to the fortuitous discovery in the 1950s that an antituberculotic medicine endowed with the ability to inhibit monoamine oxidases could improve patients\' mood. Subsequently, therapeutic efficacy could be demonstrated for numerous compounds that shared the ability to block monoamine reuptake within the presynaptic terminal \[[@B6], [@B7]\]. Firstly developed tricyclic antidepressants could not discriminate among monoamine transporters; moreover, they also bound to other neurotransmitter receptors. Successive agents displayed selectivity towards the serotonin transporter (serotonin-selective reuptake inhibitors), thus improving the safety profile and reducing the number of untoward effects \[[@B6]\]. Indeed, increased monoamine concentrations in the synaptic cleft (due to reduced monoamine degradation with monoamine oxidase inhibitors or to reduced presynaptic reuptake with tricyclic antidepressants or serotonin-selective reuptake inhibitors) mediate the mechanism of action of almost all efficacious antidepressants, although a melatonergic agonist was recently authorised \[[@B6]\]. Differences among available medications lie on the relative impact exerted on each monoaminergic neurotransmitter and on the side effect profile. Therefore, it can be assumed that the same brain circuits are likely to be affected by all existing treatments.

Moving towards additional treatment options, cognitive behaviour psychotherapy has demonstrated efficacy in mild as well as severe depression, with a lower relapse rate as compared to pharmacotherapy \[[@B8]\]. Interpersonal psychotherapy proved superior efficacy as compared to placebo treatment, displaying similar efficacy and acceptability as pharmacological treatments \[[@B9]\]. Therapeutic options based on physical treatments chiefly include electroconvulsive therapy, repetitive transcranial magnetic stimulation, exercise, and sleep deprivation. The efficacy of these interventions has been demonstrated in various instances \[[@B10]--[@B13]\].

3. Unmet Medical Needs {#sec3}
======================

Despite the above-mentioned therapies, the need for new medicines is still substantial. The efficacy of available therapies has been demonstrated with respect to no interventions, especially in case of severe depression \[[@B14]\]; nevertheless, a relatively large number of patients do not respond to treatments \[[@B15]\]. Moreover, a number of symptoms may not be adequately resolved also in patients which experience an overall good therapeutic response. In addition, although the safety profile of recent agents is quite superior in comparison to older medicines, the incidence of side effects, such as sexual dysfunctions, may cause therapy discontinuation, especially in younger patients. Therefore, considerable efforts are dedicated to the research of new therapeutic agents addressing different neurobiological targets, with the hope of overcoming the aforementioned issues \[[@B7], [@B16]\]. Unfortunately, approaches aimed at identifying therapies based on entirely different mechanisms have not been successful up to now \[[@B17]\], and pharmaceutical companies are disengaging from this disease area, which is perceived as highly risky.

One reason of the difficulties met in discovering new medicines is the insufficient understanding of the neurobiological basis of the disease \[[@B18]--[@B20]\]. It seems likely that MDD is a constellation of diseases merging one into the other, which can be fruitfully split into endophenotypes \[[@B21]\].

Several pieces of evidence support the notion that the occurrence of environmental challenges, often in the form of stressful experiences, needs to be associated with a preexisting genetic predisposition to bring about the disease \[[@B22]\]. Different mechanisms have been proposed to explain the pathophysiological basis of MDD from a neurobiological point of view \[[@B18], [@B22]\]. They comprise hypotheses based on monoaminergic deficiency, hypothalamic-pituitary-adrenal (HPA) axis dysregulation, neurogenetic-neurotrophic-growth factor impairment, metabolic disturbances, circadian rhythm desynchronization, and inappropriate stimulation of the immune system \[[@B18]--[@B20], [@B23]--[@B26]\]. This multiplicity is likely to be explained by the fact that several of them are intertwined instead of mutually exclusive (e.g., \[[@B27]--[@B30]\]). Moreover, it is probable that different endophenotypes correlate with different neurobiological adaptations. From this point of view, a lack of criteria to select appropriate patients may contribute to the difficulties experienced in the quest for new medicines that rely on different mechanisms of action as compared to monoamine regulation.

4. Identification of Clinical Biomarkers {#sec4}
========================================

In this picture, MDD biomarkers in human patients are needed to aid the diagnosis, to guide among therapeutic options, and to support the discovery and development of new medicines \[[@B31], [@B32]\]. Clinical biomarkers could provide the psychiatrist with an objective diagnostic tool as compared to the current practice of relying on subjective interviews. Moreover, diagnostic biomarkers could attribute specific patients to defined endophenotypes, improving the chance of adopting suitable antidepressant treatments (e.g., pharmacogenetic markers: \[[@B33]\]). Another field for biomarker use is in the area of drug discovery. Current therapies often reach their results after several weeks, although recent literature reported that reduced time frames could be sufficient \[[@B34], [@B35]\]. Biomarkers reliably indicating the likelihood of response to therapy could ease the discovery of potential new treatments.

Investigations of new clinical biomarkers for MDD are mainly based on brain neuroimaging techniques; on sleep pattern analyses; on the evaluation of peripheral levels of mRNAs, proteins, or small-molecular weight analytes \[[@B36], [@B37]\]. The identification of a single peripheral analyte is conceivable as a pharmacogenetic biomarker of response to therapy. In contrast, a panel of peripheral analytes is a more likely candidate as a useful tool to aid diagnosis or therapy.

5. Biomarker Investigations in Preclinical Models {#sec5}
=================================================

The levels of mRNAs, proteins, or small-molecular weight analytes that can be defined as biomarkers of disease are also assessed in preclinical investigations. In this case, the selected biomarker is measured in the tissues of an animal model of MDD, levels are compared with those evaluated in the respective controls, and an association is discovered between biomarker levels and diseased state. The main advantage of this kind of investigations lies in the possibility of an accurate control of the experimental conditions, although potentially reducing the significance for human disease.

Most investigations performed in MDD animal models evaluate the levels of mRNAs, protein, or small molecules in brain, as reasonable for a psychiatric disease. This approach will definitely increase our understanding of the neurobiological basis of MDD, with a potential benefit to be reflected also in the biomarker field. Nevertheless, this review is centred on studies addressing only the measure of small molecules, proteins, peptides, or mRNA levels in peripheral tissues such as plasma, serum, blood cells, and urine or faeces. The reason for this selection is that these approaches were considered as more easily translatable to clinical biomarkers. Studies adopting any analytical method and both large-scale and single analyte technologies were analysed.

While clinical studies are designed to investigate the validity of candidate analytes as potential biomarkers, preclinical investigation may have more indirect approaches. Biomarker studies in animals can be divided into four major categories of experimental designs. Firstly, a number of studies investigate if an animal model is relevant for understanding the pathophysiology of MDD: peripheral analytes are measured to compare results with clinical findings. In other investigations, the main objective is identifying new potential biomarkers to be subsequently validated in humans. Other studies examine new putative therapeutic approaches with behavioural tests; the measure of peripheral analytes is included to increase the confidence in the pharmacological target. Finally, putative biomarker levels may be assessed to investigate the molecular mechanism of action of available antidepressants.

6. Animal Models of MDD {#sec6}
=======================

Preclinical biomarker studies rely on the availability of a suitable animal model of the disease under investigation. An ideal model should reproduce the pathophysiological features of the human disease, display similar signs and symptoms, and respond to efficacious therapies. Given the incomplete comprehension of the neurobiological basis of MDD, the development of an entirely satisfactory animal model is quite unexpected. In addition, even if we could reproduce in animals the exact neurobiological features of MDD, it is nevertheless dubious which phenotype would be produced by pathophysiological alterations which affect distinctively human characteristics (such as the inappropriate sense of guilt that is often experienced by MDD patients). Numerous recent and informative reviews discussing these topics are available \[[@B38]--[@B44]\].

Notwithstanding the aforementioned challenges, investigators tried to reproduce in animal models characteristic symptoms of the human disease, such as anhedonia or helpless behaviours. These behaviours are often assessed with tests that quantify the reduction of interest for a pleasurable event (e.g., sucrose intake) or the reluctance to escape from an unpleasant situation (e.g., forced swim test, tail suspension test, and learned helplessness). Models are often based on relevant factors for the neurobiological basis of the disease. Several models rely on the application of a stress procedure since MDD episodes are often brought about by stressful life events, thus supporting an etiological validity of this procedure. The display of depressive-like behaviours is the hallmark of models based on manipulations (e.g., olfactory bulbectomy, \[[@B45]\]) or genetic selections (e.g., \[[@B46], [@B47]\]). The link between MDD and immune dysregulation has supported a vast number of investigations based on inflammatory models (discussed in \[[@B48]\]).

7. Preclinical Biomarkers to Investigate the Relevance of the Animal Model {#sec7}
==========================================================================

By the use of MDD models, peripheral biomarkers were measured with different aims in different experimental designs. A number of examples for each category defined in [Section 5](#sec5){ref-type="sec"} and derived from the recent literature are reported in the following sections.

The most widespread use of peripheral biomarkers in animal models of MDD is in the characterisation of that the animal model in itself. Within this group of investigations, there are two principal reasons for measuring a peripheral analyte. On one hand, the aim of the study is to demonstrate the relevance of the model from a neurobiological point of view by reproducing peripheral dysregulations as documented in human patients. Alternatively, the objective is to show that behaviours recalling MDD symptoms can be induced in experimental animals by inducing alterations that also affect peripheral analyte levels. Examples of the former are investigations that report dysregulations of the HPA axis that resemble those observed in depressive patients. Examples of the latter are quite abundant in studies oriented at investigating the association between inflammation and mood disorders. Whereas support for the correlation is derived from studies performed in human patients, animal models are employed to analyse in deeper detail the link between inflammatory cytokines and mood changes in a more controlled environment. In these cases, peripheral levels of cytokines or other inflammation-related analytes are often measured \[[@B24], [@B28], [@B30], [@B48], [@B49]\].

A few examples of reports that assessed peripheral biomarker levels with the objective of characterising animal models and/or deriving knowledge on the neurobiological basis of MDD are briefly described.

Abe et al. \[[@B50]\] reported the characterisation of an animal model aimed at examining the aetiology of psychiatric disorders caused by prenatal psychological stress. Along with enhanced emotionality in the open field test and depressive-like behaviour in the forced swim test, relevance was given to the observed enhanced activity in the HPA axis.

Animal models of depressive-like behaviours based on the exposure to social stress are deemed to be especially endowed with ethological relevance due to the similarity to naturally occurring situations. To better characterize this model in a number of different experimental settings, peripheral levels of stress hormones, metabolic, immune, and neurotrophic analytes were assessed \[[@B51]--[@B55]\] in addition to behavioural, metabolic, and physical parameters, as they were considered an important feature for the thorough investigation of the model.

As another example, Bowens et al. \[[@B56]\] developed a model of atypical depression in the rat that largely relied on hyporesponsiveness of the HPA axis, resembling a distinctive feature observed in this subset of patients. The abnormal HPA axis response thus represented an intrinsic, characterising feature of this model, in which anxiety-like and anhedonia-like behaviours were also evaluated. In the same line of reasoning, Touma et al. \[[@B57]\] endeavoured to reproduce features of MDD endophenotypes by focusing on alterations in corticosterone increase in response to a moderate psychological stressor, highlighting the importance of measuring peripheral levels of stress hormones (although in faeces to avoid disturbing the animals). Therefore, corticosterone circadian rhythms were measured to ensure that they reproduced the same abnormalities observed in patients. Additionally, Blugeot et al. \[[@B58]\] explored the preexisting vulnerability that predisposes an individual to develop a MDD episode after stressful life events, in the complex interplay between genetic and environmental factors. To this aim, they identified a subset of animals that displayed a specific molecular response to a priming stressful event that helped predicting a depressive-like response to a successive chronic mild stress protocol. Among other features, it is noteworthy that the association of low Brain-derived Neurotrophic Factor (BDNF) with normal corticosterone serum concentrations was indicated as a putative predictive biomarker of vulnerability to depression.

The correlation between metabolic disorders and major depression was thoroughly investigated in chronic stress models \[[@B59], [@B60]\], in which peripheral levels of leptin were evaluated. Studies by Lu et al. \[[@B59]\] supported a role for impaired leptin production in depression-like phenotypes induced by chronic stress, suggesting antidepressant activity of leptin. Subsequent findings \[[@B60]\] indicated that decreases in leptin and melanocortin signalling may represent compensatory responses to manage chronic stress at the expense of metabolic derangements.

D\'Audiffret et al. \[[@B61]\] applied the unpredictable chronic mild stress model in mice to interrogate the association between depressive disorders and peripheral vascular disease. To assess major contributing mechanisms underlying the changes in vascular reactivity in this stress model, markers of inflammation (TNF-*α*, IL-1*β*, C-reactive peptide, and IL-10), an index of insulin resistance, and a plasma marker of oxidant stress (nitrotyrosine) were measured in addition to vascular reactivity. The findings suggest that insulin resistance, inflammation, and hypertension associated with the exposure to unpredictable chronic mild stress do not play a major role as predictors of vascular dysfunction. As another example, to investigate the mechanism of the association between increased ratio of plasma kynurenine to tryptophan and depressive symptoms, measures of the levels of these analytes were carried out alongside behavioural tests in animal models based on the acute activation of the peripheral innate immune system \[[@B62], [@B63]\].

To investigate the role played by the neurotrophic factor BDNF in MDD, a chronic stress model was implemented by Naert et al. \[[@B64]\]. To validate the selected model, a physiological and behavioural characterization was performed, including the impact on HPA axis activity and reactivity, such as hypothalamic activation and increase in ACTH and corticosterone plasmatic concentrations, since these modifications have been associated with depression in humans. Cirulli et al. \[[@B65]\] tested the hypothesis that early maternal deprivation would affect peripheral levels of neurobiological mediators of depression in peer-reared female and male rhesus macaques to model sex differences involved in different susceptibility to mood disorders. Therefore, blood levels of BDNF, nerve growth factor, cortisol, and growth hormone were assessed, discovering a sex-selective response in the modulation of these biomarkers.

Moranis et al. \[[@B66]\] investigated the effect of dietary supply of polyunsaturated fatty acid on depressive-like behaviours in adult and aged mice. The levels of IL-6 and IL-10 cytokines were also assessed both centrally and peripherally since in humans a correlation was reported between the amount of IL-6 in blood, quality of life, and neuropsychiatric symptoms in the elderly \[[@B67]\]. Therefore, the assessment of cytokine levels was included to provide insight about a potential mechanism involved in the behavioural changes induced by fatty acid insufficiency, alongside with data generated in humans.

Finally, if a specific dysregulation detected in patients is also reproduced in animal models of disease, this supports the importance of the mechanism in the neurobiological basis of the disorder, as illustrated in investigations about the role played by inflammation in MDD. Likewise, Kronfeld-Schor and Einat \[[@B25]\], in exploring the relationship between circadian rhythms and MDD, suggested that the reported alterations in behavioural, biochemical, and molecular rhythms observed in MDD animal models regardless of the way they were induced supported a relevant role of this system.

8. Preclinical Studies to Identify Candidate Clinical Biomarkers {#sec8}
================================================================

A different scope for measuring peripheral analytes in animal models of MDD is the identification or further validation of new biomarkers to be used in humans. The objective of this kind of investigations is to exploit the advantages of animal models versus human patients. In particular, the relationship between peripheral versus central levels of the investigated biomarker can be examined. In addition, highly homogeneous samples are available and manipulations are easier than in clinical settings. For this purpose, it is important that the animal model is regarded as highly relevant in the first place. A few examples are following.

The selection of genes for a human pharmacogenetic study in humans was founded on results obtained in a preliminary study in a MDD animal model in response to antidepressants \[[@B68]\]. Mice exposed to maternal separation and chronic mild stress were treated with antidepressants, and a transcriptome-wide analysis was performed in hippocampus. Gene expression changes linked with antidepressant treatment were carried forward for testing in a human pharmacogenetic analysis, allowing the identification of the role of a previously unexplored gene (protein phosphatase 1A). Analogous approaches were adopted by Andrus et al. \[[@B69]\] and Pajer et al. \[[@B70]\]. The selection of genes to be tested in humans was established on findings acquired in investigations performed in mouse models. The models tried to reproduce both the genetic and the environmental components of MDD. These components were represented by a substrain identified by selective breeding form Wistar Kyoto rats, which showed increased immobility in the forced swim test, and by the application of chronic restraint stress. The overlap between differentially expressed transcripts in hippocampus, amygdala, and blood was established to arrive at a set of candidate transcripts whose abundance was measured in the blood of human subjects. A panel of blood biomarkers allowed the differentiation of early-onset MDD, whereas a partly overlapping set of transcripts differentiated MDD endophenotypes with or without comorbid anxiety disorders.

Jacobsen et al. \[[@B71]\] aimed at investigating whether the anomalies in putative serotonin biomarkers reported in depressive patients reflected deficient central serotonin neurotransmission. Therefore, they utilised tryptophan hydroxylase 2 loss-of-function mice, which show markedly reduced serotonin synthesis and tissue levels and exhibit increased depression-, anxiety-, and aggression-like behaviours. In this model, it could be demonstrated that peripheral biomarker dysregulations as observed in depressive patients, such as low corticospinal fluid levels of 5-hydroxyindoleacetic acid and blunted fenfluramine-induced prolactin response, were generated by chronic endogenous serotonin deficiency.

Analyses aimed at the discovery of new biomarkers carried out in relevant animal models reaching different stages of validation in humans were discussed in a recent review \[[@B72]\].

Potential indications for future biomarkers studies in patients were also proposed by investigations in a gene-environment interaction model including antidepressant treatment \[[@B73]\]. Affected analytes included inflammatory mediators and lipid metabolism proteins.

Peripheral biomarkers do not necessarily focus on blood. In a report by Zheng et al. \[[@B74]\], metabolic profiling of urine was performed in a rat model of chronic unpredictable mild stress. Principal component analysis displayed a separation between groups based mainly on levels of analytes related to the disturbance in energy metabolism, amino acid metabolism and gut microflora.

Related to this application are preclinical studies aimed at discovering whether a correlation exists between peripheral and brain expression levels of proteins considered as potentially relevant biomarkers in humans. As an example, several recent investigations analysed neurotrophic factor levels in brain and blood of rats in genetic and environmental models of depression or after treatment \[[@B75]--[@B77]\]. Results showed that the correlation can be complex, suggesting that peripheral changes observed in MDD patients should be interpreted cautiously \[[@B75]--[@B77]\].

9. Preclinical Biomarkers to Identify New Pharmacological Targets {#sec9}
=================================================================

Another objective for measuring peripheral analyte levels in animals is to add this measure to behavioural tests as an additional predictor of efficacy in humans. To be considered as relevant, the investigated biomarker must show a correlation with response to therapy in patients.

When the MDD model relies on the application of stress to provoke depressive-like behaviours, the measure of peripheral stress hormones is often added as a significant end point to evaluate antidepressant activity. Indeed, the dysregulation of stress hormone levels is a frequent feature of depressive patients \[[@B78], [@B79]\]. A few examples of this kind of studies are following.

In order to evaluate the antidepressant efficacy of melatonin treatment, Detanico et al. \[[@B80]\] utilized a chronic mild stress model in the mouse. Since the model is based on stress exposure, peripheral corticosterone levels were measured as an additional end point with respect to other physiological and behavioural parameters. Maniam and Morris \[[@B81]\] explored the effects of high-fat diet and/or voluntary exercise in behavioural deficits and increased corticosterone response to stress that are induced by exposure to postnatal maternal separation as a model of childhood trauma. Beneficial effects of treatments in reverting maternal separation-induced effects could be demonstrated in behavioural as well as biochemical measures. Similarly, Borsonelo et al. \[[@B82]\] analysed the efficacy of dietary omega-3 fatty acids supplementation in a model of prenatal stress exposure in rats. Both depressive-like behaviours and stress-induced corticosterone increases were reduced by treatment. The olfactory bulbectomized rat model was employed in an investigation oriented at elucidating the mechanism of antidepressant activity of the n-3 fatty acid eicosapentaenoic acid \[[@B83]\]. In this model, depressive-like behaviours and reduced nerve growth factor expression in brain were revealed. In addition, the levels of corticosterone, IL-1*β*, and prostaglandin E2 were measured in blood since the dysregulation of these parameters parallelled those observed in depressive patients. Therefore, the ability to revert these neuroendocrine and immune depression-related modifications was deemed relevant in the analysis of the mechanism of the antidepressant action.

In other models, depressive-like behaviours are provoked by the activation of the immune response. When these models are adopted to investigate antidepressant actions, the reversal of the increase of peripheral inflammation mediators is often added as a relevant end point of the efficacy of treatment. For example, Bison et al. \[[@B84]\] evaluated the effects of a p38 MAP kinase inhibitor in a model based on the stimulation of the innate immunity response generated by lipopolysaccharide treatment. The levels of peripheral inflammation biomarkers were quantified in parallel with behavioural assessments \[[@B84]\]. In addition, to investigate the mechanism of the antidepressant efficacy of exercise, the peripheral levels of neuroinflammatory factors were considered as highly significant in understanding the pathogenesis of the disease \[[@B85]\].

10. Preclinical Biomarkers to Investigate Molecular Mechanisms of Action of Antidepressants {#sec10}
===========================================================================================

Another use for peripheral analyte measures in preclinical studies is related to gaining a deeper understanding of the neurobiological basis of efficacious antidepressant activity. It is recognized that modifications of monoamine levels in brain are observed a few hours after antidepressant treatments. In contrast, beneficial effects in terms of mood and other symptoms require at least one week. Therefore, it is likely that additional neurobiological modifications are necessary to obtain the therapeutic benefits \[[@B6], [@B7]\]. Increasing this comprehension could lead to new medicines with a different profile as compared to current antidepressants. Hence, a high number of studies are dedicated to this objective and some of them also include the measuring of peripheral analyte levels.

For instance, Behr et al. \[[@B86]\] reviewed the available evidence linking the importance of antioxidant activity in the action of antidepressant medications in both preclinical models and clinical literature. The evaluation of proteins or analytes involved in oxidant or antioxidant effects in the periphery was reported in addition to effects measured in the central nervous system. In addition, the anti-inflammatory activities of antidepressant medications assessed by measuring inflammation mediators were reviewed by Maes et al. \[[@B24]\]. As another example, Watanabe et al. \[[@B87]\] investigated the effect of antidepressants on serum levels of BDNF to explore the hypothesis that therapeutic effects of antidepressants are determined by actions on neurotrophic factors \[[@B88]\]. Results showing that antidepressant treatment induced BDNF release from platelets lent support to the postulated central role of neurotrophic activity, also suggesting BDNF as a putative biomarker of adequate clinical response.

11. Conclusions {#sec11}
===============

Since MDD is posing a heavy burden of disease and mortality, utmost efforts should be carried out to understand the neurobiological basis of the disease. This comprehension could help to prevent its occurrence and support the discovery of new therapeutic options. The identification of appropriate biomarkers for human patients is needed to aid diagnosis and therapy. Biomarker studies in animal models of disease can provide a contribution to both the identification of putative clinical biomarkers and to the elucidation of MDD pathophysiology. Indeed, most preclinical studies assessing the peripheral levels of analytes as biomarkers are investigating if the animal model used is relevant to MDD pathophysiology. Peripheral analytes are measured to validate the animal model by showing that stress hormones or immune analytes are dysregulated in the experimental setting in the same direction as in depressive patients. Adding these measures allows a more complete characterisation of the model, with the ultimate objective of improving the understanding of the neurobiological basis of MDD. In contrast, other preclinical studies of peripheral analytes aim at translating the results in clinical settings as a subsequent step. For example, large-scale, hypothesis-free studies are carried out in MDD models to pinpoint candidate genes or proteins to be further validated in clinical studies. Other studies investigate putative new targets for drug discovery. Animal models of disease are used for their predictive validity, and the assessment of peripheral analytes is included as an additional measure to increase the confidence in the target. Similarly to the validation studies, stress hormones or immune molecules are usually examined because of their established link with MDD. Moreover, since the mechanism of action of available antidepressants is incompletely understood, several studies investigate the neurobiological alterations associated with antidepressant treatment at a molecular level. While most analyses are centred on brain, in some instances peripheral analytes are also assessed.

Within these different experimental designs, preclinical investigations showed the potential to provide important contributions also in the field of peripheral biomarkers, both to identify clinical biomarkers and to increase our comprehension of MDD.
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